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CHECK VALVE AND ASSEMBLY FOR FLUID
STORAGE CONTAINER

FIELD OF THE INVENTION

This invention relates to check valves, and more particu-

larly, to valves that prevent the overfilling of containers with
fluad.

BACKGROUND

Propane canisters are commonly used for residential and
commercial purposes, mostly 1n connection with propane
powered grills and heating devices. The gas 1s typically
stored 1n a generally oblong metal container which has a
threaded valve positioned 1n the single orifice at the top. In
the United States, by law, each valve must be provided with
an overfill check valve, which prevents overfilling of the
container by 1nattentive or careless personnel. The propane
1s charged as a liquid through the threaded valve and a
float-based check 1s provided internally within the container,
similar to a toilet.

As the tank 1s filled or charged, the float rises. A variety
of methods are used to block the tlow of liquid once the tank
1s filled and the float has reached its upper limit of travel.
Common examples include simple check balls which are
raised from a ball seat by a cam atlixed to a pivotable float
to permit flow and wedge against the seat when the cam 1s
rotated. Other designs utilize pistons rather than a ball, with
a similar overall function.

For instance, the cam typically has a stepped configura-
tion with a valley defined lower than an extension or curved
part, which may have a corner or angled wall at the edge of
the valley. The extension often supports a piston of the valve
in an elevated (open) position during filling, allowing fuel to
enter the tank. As the float rises, the cam 1s rotated. When the
tfloat reaches the upper limit of travel, the cam 1s rotated such
that the cam extension moves away from the piston and the
cam valley 1s now aligned therewith. As the cam extension
moves away, the piston slips off the cam and into the cam
valley by gravity and may further be urged downward into
the cam valley by the pressure of the flowing fluid. In some
check valves, a spring biases the piston toward the open
position and the pressure of the fluid 1s suflicient to over-
come this biasing force when the cam extension 1s no longer
supporting the piston. In other examples, a spring biases the
piston toward a closed position and removal of the cam
extension from its supporting position releases the tension
on the spring and urges the piston toward the closed position.
In still other examples, the piston 1s free-tloating within the
valve and pressure differentials above and below the piston
may be used to control between the open and closed posi-
tions.

One significant shortcoming of existing piston and cam
designs 1s the frictional engagement of the lower end of the
piston with the cam profile and/or other parts of the valve
that provide sealing of the valve. For instance, as the gas in
the tank 1s consumed, the cam lobe adjacent the cam valley
may bind on the end of the piston rod. This may inhibit the
ability of the piston to return to its uppermost position, even
against the bias of the spring. One known design includes a
movable section of the cam (such as a finger) to raise the
piston out of the cam valley as the cam rotates away from the
upper limit of travel. Many known designs utilize pressure
differentials above and below a free tloating biased piston to
retard flow. However, all of these known designs still
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2

struggle with overcome frictional forces which can lead to
reduced eflectiveness, slow responsiveness of the valve, or

completely mnhibit fluid tlow.

Canadian patent application CA 02204460 discloses an
overlill protection device for filling a gas tank. The overfill
device has a cylindrical piston fitted in tubular bodies having
a neck defined between an upper portion and a lower portion
of smaller diameter. An O-ring 1s fitted 1n the neck. As gas
enters the tank, 1t pushes the piston downwardly and the
stem of the piston rides along a rotating cam connected to an
arm with attached float. When the pressure within the tank
reaches a predetermined level, the cam 1s rotated to align a
concave portion of the cam with the piston, allowing the
piston to be pushed onto the neck where it 1s sealed by the
O-ring, thus preventing further gas flow. However, CA
02204460 1s silent regarding the frictional forces mnvolved 1n
the sealed position or overcoming them.

U.S. Pat. No. 35,282,496 discloses a two-way valve per-
mitting filling and draining of a gas cylinder. The valve
includes a piston, cam, arm, and {float as previously
described. It also discloses a spring biasing the piston toward
an open position where the head 1s held 1 a leaktight seal
against a shell until gas 1s introduced, pushing the piston
downwardly toward the cam. The 496 patent discloses a
pendulum that tilts when the cylinder is tilted, obstructing
the fluud flow path and preventing filling of the cylinder
except when 1t 1s upright. It does not address the frictional
forces of the seal or closed position.

U.S. Pat. No. 5,472,012 discloses a shut-off valve for a
storage tank having a cam that rotates in response to the
level of liqud 1n the tank. The valve 1s a poppet valve that
moves axially within a housing with the movement of the
cam rotation. One spring 1s disposed about the check ball
retainer sleeve of the valve, and a second spring 1s disposed
within the sleeve, both to urge the ball toward an open
position. During filling, the springs are compressed, provid-
ing increasing force against the check ball with the increased
fluid pressure. When the fluid reaches a predetermined level,
the valve 1s moved 1nto a seated position by the force of the
fluid pressure. However, no mention of the frictional forces
of the seated position are addressed.

U.S. Pat. No. 5,413,153 discloses a cam-driven machine
for filling a container having a valve and a gas pipe for
conveying gas for filling. The valve 1s closed by default,
with a first spring biasing the gas pipe into a closed position.
A second spring 1s also present which, when compressed by
the cam, pushes against the gas pipe with enough force to
overcome the biasing force of the first spring and opening
the valve so gas may flow. Further rotation of the cam
releases pressure on the second spring, allowing the first
spring to bias the gas pipe back to the closed position.
Friction 1s not addressed, since the cam position determines
whether the valve 1s opened or closed, which 1s independent
of how much fluid 1s 1n the container being filled.

Theretfore, 1t would be beneficial to have a check valve
which would not only prevent accidental overflow during
filling or charging of a holding vessel but would also be able
to easily overcome the frictional forces mvolved 1n main-
taining a sealed or closed valve, such as may be exerted
against a piston of a valve.

SUMMARY

A check valve assembly 1s disclosed which can be used 1n
a propane tank or canister, or other fluid holding vessel, to
charge or fill the container with a fluid. The fluid may be, but
1s not limited to propane, natural gas, butane, or other
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gaseous or liquid tfluid. The check valve assembly includes
a valve which prevents the accidental overfilling of the fluid
by automatically closing the valve when a predetermined fill
level 1s achieved. The valve includes a dual-force mecha-
nism to overcome the frictional forces on the restricting
member forming the seal and allow quick and eflicient
release of the restricting member to open the valve when
desired.

The check valve assembly includes a valve rotatably
connected to a cam. An arm with float extends from the cam,
which rises and falls with the fluid level 1n a container in
which the check valve assembly 1s installed. The cam has a
cam profile defining a cam lobe and valley. When the tloat
has risen to a predetermined maximum fill level, the arm has
suiliciently rotated the cam to a position where at least a
portion of the restricting member within the valve falls
within the cam valley and the restricting member forms a
seal within the channel of the valve, thus closing the valve.
In at least one embodiment, the restricting member 1s a
piston with a head and stem extending therefrom. The piston
stem rides along the cam during rotation and drops 1nto the
cam valley when the predetermined maximum fill level 1s
reached, and the head forms a seal with the channel, thus
closing the valve.

The valve includes a channel having a non-uniform
diameter such that 1t narrows at a neck. The neck may
therefore be defined by angled wall(s). The wvalve also
includes a fluid opening(s) 1n fluid communication with the
channel, permitting egress and ingress of fluid to the valve
and allowing the container to be filled and emptied through
the valve. The fluid opening(s) are located downstream of
the sealing point of the valve, such as may be located 1n the
neck in at least one embodiment, to prevent tluid leakage.
The valve may further include an annular channel and/or
passage(s) disposed about and 1n fluid communication with
the central channel and providing fluid to the outer perimet-
ric areas of the valve.

A restricting member 1s movably retained within channel
of the valve and frictionally engages the walls of the neck of
the channel to close the valve and prevent further fluid flow
when the maximum {ill level 1s achieved. The restricting
member may be a piston, ball, or other similar component of
any type of valve.

The valve further includes at least one, but preferably first
and second biasing members providing different force com-
ponents or levels of resistive force against the restricting
member when compressed. In at least one embodiment, the
first and second biasing members are disposed concentri-
cally about one another 1n the channel and may be concentric
about the restrictive member such as piston stem, though
other configurations are also possible. The biasing members
are compressed 1n various compression zones by the restrict-
ing member as a result of fluid tlow 1nto the valve during
filling. In a first compression zone, the biasing member(s)
provide a first resistive force which 1s suflicient to continue
turther compression. In the second compression zone, a
second force component 1s added to the first force compo-
nent. This second force component may be greater than the
first force component. The first and second biasing members
may be of different lengths and provide the first and second
force components, so that the compression zones are defined
at least 1n part by the heights and compressive ranges of the
biasing members. For example, the first compression zone
may occur when the first biasing member i1s being com-
pressed and providing a {first force component. The second
compression zone may occur when the restricting member 1s
closer to the walls of the channel, making the fluid tlow path
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narrower and increasing the pressure of fluid flow. This
allows for compression of the second biasing member which
may provide a second and possibly greater force component
that adds to that of the first force component. This additional
and possibly greater resistive force 1s needed to overcome
the frictional force of this stronger seal when opening the
valve 1s permitted, and contributes to closure of the valve by
sealing the restricting member against the channel.

The check valve and assembly, together with 1ts particular
features and advantages, will become more apparent from

the following detailed description and with reference to the
appended drawings.

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an 1sometric view of the check valve assembly
of the present invention.

FIG. 2 1s a front elevation view of the check valve
assembly of FIG. 1 viewed along the valve axis.

FIG. 3 1s a side elevation view of the check valve
assembly of FIG. 1 viewed along the arm axis.

FIG. 4 1s an exploded view of the check valve assembly
of FIG. 1 showing both the valve and arm axes.

FIG. § 1s a cross-sectional view of the lower body of the
valve shown along the valve axis.

FIG. 6 1s a top cross-sectional view of the valve of FIG.
2 shown along line 6-6, showing a piston as restricting
member and biasing members 1n the lower body of the
valve.

FIG. 7 1s a side elevation view of the piston of the valve.

FIG. 8 1s a cross-sectional view of the head of FIG. 7.

FIG. 9 1s a cross-sectional view of the upper body of the
valve shown along the valve axis.

FIG. 10 1s a top cross-sectional view of upper body of
FIG. 9 shown along line 10-10.

FIG. 11 1s a diagram of the check valve assembly installed
in a fluid storage container, showing the check valve assem-
bly 1n an open position.

FIG. 12 a diagram of the check valve assembly 1nstalled
in a tluid storage container, showing the check valve assem-
bly 1n the closed position.

FIG. 13 1s a detail cross-sectional view of the valve of the
check valve assembly in an open resting position, shown
along line 13-13 of FIG. 3.

FIG. 14 1s a detail cross-sectional view of the valve 1 an
open lilling position and showing a first compression zone.

FIG. 15 1s a detail cross-sectional view of the valve 1n a
transition position showing the compression zones.

FIG. 16 1s a detail cross-sectional view of the valve 1n a
closed position showing the sealing point.

FIG. 17 1s a detail cross-sectional view of the valve 1n an
open position showing the mnitial discharge after filling.

Like reference numerals refer to like parts throughout the
several views of the drawings.

DETAILED DESCRIPTION

As shown 1n the accompanying drawings, the present
invention 1s directed to a check valve and assembly for use
in fluid storage containers to prevent overfilling. The check
valve assembly therefore includes a mechanism enabling
automatic shut-ofl and sealing of the valve to prevent further
fluid passage when a predetermined fluid limait 1s reached 1n
the container.

With reference to FIGS. 1-4, the check valve assembly
100 1ncludes a valve 110 having a length defined by a valve
axis 114, and a first end 111 and opposite second end 112
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disposed along the valve axis 114. The length of the valve
100 may be any suitable dimension, such as but not limited
to 1n the range of 50-70 mm, and about 60 mm 1n at least one
embodiment. The valve 110 may have any diameter as
would permit the tlow of fluid therethrough, such as 1n the
range of 10-30 mm, and preferably about 18.7 mm 1n one
embodiment. The valve 110 may be made of any suitable
material, such as but not limited to nylon, plastics, metals
and metal alloys.

The valve 110 includes a channel 115, shown 1n FIG. 5,
extending therethrough along the valve axis 114 between the
first and second ends 111, 112 through which fluid 11 may
flow, as 1n FIGS. 11 and 12. The interior wall(s) of the valve
110 define the channel 115. The valve 110 may be used to
transter fluid 11, such as propane, butane, natural gas, or the
like, and which may be 1n the liquid or gaseous form during
filling, storage, or discharge. The channel 115 1s therefore
selectively 1n fluid communication with a fluid source when
the valve 110 1s connected thereto. The channel 1135 also has
a diameter suflicient to permit fluid flow therethrough and
may vary in diameter along 1ts length.

The valve 110 1s composed of an upper body 120 located
at the first end 111 and a lower body 130 located at the
second end 112 which fit together. Referring to FIGS. 1-6,
the lower body 130 includes a first end 131, an opposite
second end 132, and a portion of the channel 115 extending
therethrough between the second and first ends 132, 131.
The lower body 130 may have approximately the same
diameter as the rest of the valve 110. For instance, the lower
body 130 may have a diameter in the range of about 15-20
mm and may be about 18 mm 1n at least one embodiment.
The lower body 130 also has a length defined along the valve
axis 114 between the first and second ends 131, 132. The
lower body 130 may have any suitable length that 1s less
than the overall length of the valve 110 and may 1n certain
embodiments be about % the total length of the valve 110.
For instance, the lower body 130 may have a length 1n the
range of about 35 to 55 mm and may be about 44 mm 1n at
least one embodiment. The lower body 130 may be formed
of any material suitable for conducting the intended fluid,
such as those 1dentified above for the valve 110.

At least one fluid opeming 135 1s formed 1n the valve 110,
such as 1n the lower body 130, though 1t may be formed 1n
any part of the valve 110 downstream of where the seal 1s
formed 1n the closed position, the sealing point 190, to avoid
leaking of the valve 110. The fluid opening(s) 135 provides
an outlet for the flmud 11 from the valve 110 during filling,
and an inlet to the valve 110 during discharge. As best shown
in FIGS. 5, 6 and 16, the tluid opening(s) 135 may be formed
in the lower body 130 anywhere along the length thereof
downstream of the sealing point 190, such as in the walls of
the lower body 130 and extends 1n fluid tflow communication
between the channel 115 inside the valve 110 and the
exterior of the valve 110. In at least one embodiment, the
fluid opening(s) 135 may be formed 1n the lower body 130
about 14 the distance to one of the ends 131, 132 thereof,
such as the second end 132 shown 1n the embodiment of
FIG. §. The fluid opening(s) 135 may be formed at any angle
relative to the channel 115, such as perpendicularly as shown
in FIGS. 5-6, or at any oblique angle. Accordingly, fluid flow
through the fluid opening(s) 135 may be transverse to fluid
flow through the channel 115. In some embodiments, the
fluid opening(s) 135 may be located at the terminal end of
the first end 131 of the lower body 130, 1n which the fluid
opening(s) 135 may be parallel with the channel 115. There
may be any number of fluid openings 135, which may be
disposed at regular or irregular intervals from one another
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along and/or circumierentially around the valve 110. For
instance, 1n at least one embodiment, the fluid openings 135
may be formed opposite from one another, as in FIG. 6. The
various tluid openings 135 may have any diameter suilicient
to permit fluid flow therethrough, such as in the range of
about 1-10 mm, and preferably about 5 mm 1n at least one
embodiment. In at least one embodiment, the fluid opening
(s) 135 may have a diameter less than that of the channel 115
at the point at which the fluid opening(s) 135 and channel
115 intersect, though 1n other embodiments the fluid opening
135 diameters may be equal to that of the channel 115 at
such point. Further, the various tluid openings 135 may have
the same or different diameters from one another and may
have any shape such as but not limited to circular, oblong,
ovoid, rectangular, square, and hexagonal.

As shown 1n FIG. 5, the channel 115 may have a diameter
that varies over 1ts length through the lower body 130. For
instance, the channel 115 may have a diameter 1n the range
of about 4-20 mm. In at least one embodiment, the channel
115 may have a diameter of about 16 mm at a {first location
such as at the second end 132 of the lower body 130, about
8.5 mm at an intermediate location, and about 4.4 mm at a
third location such as at the first end 131 of the lower body
130. Accordingly, the channel 115 may be described as
narrowing or tapering in diameter from the second end 132
to the first end 131. In other embodiments, however, the
channel 115 may widen from second end 132 to the first end
131. The channel 115 includes a neck 140 where the wall(s)
141 of the channel 1135 angle to change the diameter of the
channel 115. In the embodiment of FIG. 5, the neck 140
narrows from the second end 132 to the first end 131, with
the wall(s) 141 thereof angling toward the valve axis 114.
The angle or pitch of the wall(s) 141 at the neck 140 may be
any angle suitable to transition between diameters of the
channel 115 along an incline, such as but not limited to in the
range of 10° to 80°. In at least one embodiment, the incline
of the walls 141 at the neck 140 may be about 30°, as shown
in FIG. 5. The neck 140 may be located anywhere along the
length of the channel 115. In at least one embodiment as
depicted 1n FIG. 5, the neck 140 may be located closer to the
second end 132 of the lower body 130 than the first end 131,
and preferably upstream of the fluid opening(s) 135.

The channel 115 may also vary in diameter by steps,
wherein certain portions of the walls may be formed at right
angles to the valve axis 114 to rapidly aflect the diameter of
the channel 115. In some embodiments, there may be at least
one or more than one such stepped walls. As shown in FIG.
5, these steps or perpendicular portions of walls may form
a first support surface 142 and second support surface 144,
cach further varying the diameter of the channel 115. For
instance, the second support surface 144 may decrease the
diameter of the channel 115 from the diameter at the base of
the neck 140 to a smaller diameter, and the first support
surface 142 may still further decrease the diameter. Accord-
ingly, the first support surface 142 may have a smaller
diameter than the second support surface 144, which may
have a smaller diameter than the remainder of the channel
115. In at least one embodiment, the second support surface
144 may have a diameter of about 8.5 mm and the first
support surface 142 may have a diameter of about 6.5 mm.
Of course, other dimensions and diameters of the first and
second support surfaces 142, 144 are also contemplated
herein, and are limited only by the size of the valve 110 and
the channel 115. In other embodiments, the walls may
increase the diameter of the channel 115.

The first and second support surfaces 142, 144 may have
the same radial length or different radial lengths from one
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another. For instance, 1n at least one embodiment, the first
and second support surfaces 142, 144 may each have a radial
length 1n the range of 1-2 mm. Further, the first and second
support surfaces 142, 144 may be located anywhere along
the length of the Channel 115. In at least one embodiment,
the first and second support surfaces 142, 144 may be
tormed near the first end 131 of the lower body 130, with the
channel 115 continuing along the valve axis 114 beyond the
first and second support surfaces 142, 144, as in FIG. 5. In
other embodiments, the first and second support surfaces
142, 144 may be formed at a terminal end of the channel 115
at the first end 131 thereol. Further, the first and second
support surfaces 142, 144 may have any longitudinal height,
in the direction of the valve axis 114, limited by the size of
the valve 110 and the channel 115. The longitudinal heights
of the first and second support surfaces 142, 144 may be the
same or different from one another, and may depend on the
specifications of the biasing member(s) 182, 184 which they
are 1mtended to support and the amount of space for com-
pression before the valve 110 closes and seals.

The valve 110 further includes at least one biasing mem-
ber, preferably a first biasing member 182 and second
biasing member 184 positioned and configured to selectively
engage the support surface(s) 142, 144 and a restricting
member 170 when compressed. The biasing member(s) 182,
184 may be positioned anywhere 1n the valve 110. In at least
one embodiment, they may be located within the channel
115 of the lower body 130, preferably along the valve axis
114, as shown 1n FIGS. 4 and 6. This 1s but one example and
1s not meant to be limiting. The biasing member(s) 182, 184
are compressible but also sufliciently resilient to return to an
uncompressed state when no longer under pressure. For
example, 1n at least one embodiment the biasing member(s)
182, 184 may be springs, though it 1s contemplated they may
have any structure, such as but not limited to coiled springs,
leat springs and tensile arms.

The biasing members 182, 184 may have the same or
different physical characteristics as one another relating to
compressibility and resiliency. Examples include but are not
limited to spring rates, force strengths, length, and number
of coils. In some embodiments, there may be a single biasing
member 182 having differing physical characteristics or
properties in diflerent areas thereof, such as to provide
differing resistive force components depending on which
area(s) 1s being compressed. The biasing members 182, 184
may be made of the same material as one another, such as
but not limited to stainless steel, alloy steel, high-carbon
steel, other metals, and plastics. In certain embodiments, the
biasing members 182, 184 may be made of different mate-
rials from one another. Similarly, a single composite biasing,
member may be made of diflerent materials along diflerent
areas thereof.

As a result of their various physical characteristics or
properties, the biasing member(s) 182, 184 each provide a
force component when compressed. For instance, a first
biasing member 182 produces a first force component, and
a second biasing member 184 produces a second force
component. In the case of a single biasing member, difierent
areas thereol may provide first and second force compo-
nents. Fach of these force components 1s the force with
which the biasing member(s) 182, 184 pushes back against
the compressive force, such as a spring force in the case of
coilled springs. The force components may also be ranges of
forces, such as when increasing compression produces
increasing resistive forces in the biasing member. Accord-
ingly, 1n at least one embodiment, the first force component
may be a first range of resistive forces, and the second force

10

15

20

25

30

35

40

45

50

55

60

65

8

component may be a second range of resistive forces. These
first and second ranges ol forces may overlap with one
another or may be distinct from one another, depending on
the properties of the biasing member(s) 182, 184 producing
them and the amount of compression bemg applied.

The particular amount of force of the first and second
force components, or ranges thereof, will depend on the
physical properties of the biasing members 182, 184 relating
to compressibility and resiliency, such as but not limited to
clasticity, spring rate, force strength, length, and number of
coils. For instance, the first and second biasing members
182, 184 may have the same or different spring rates, such
as the first biasing member 182 having a lower spring rate
than the second biasing member 184 or vice versa. For
instance, in at least one embodiment the first biasing mem-
ber 182 may have a spring rate in the range of 0.05-2.0
N/mm and may be about 0.08 N/mm 1n at least one embodi-
ment. The second biasing member 184 may have a spring
rate in the range of 1.0-3.0 N/mm and may be about 1.2
N/mm 1n at least one embodiment. The spring rate may be
a function of at least one of the material, number of coils,
overall diameter, and wire diameter of the biasing member.
In still further embodiments, there may be a single biasing
member 182 having different properties throughout its
length, such as a composite spring made of diflerent mate-
rials or with different stiflness and compressibility 1n dif-
ferent areas. These diflerent properties may provide differing
spring rates in different areas of the biasing member 182,
which in turn creates different force components when
compressed.

The biasing member(s) 182, 184 may be located any-
where 1n the valve 110. In at least one embodiment, they are
positioned adjacent to one another within the channel 115,
such as end-on-end or concentrically about one another as
shown 1n FIG. 6, though 1n other embodiments they may be
positioned 1n other relationships such as but not limited to
parallel to one another. In at least one embodiment, the
biasing members 182, 184 may have diflerent lengths
depending on the parameters of the valve 110, support
surfaces 142, 144, and distance for compression before the
valve 110 1s sealed. For instance, the first biasing member
182 may be longer when 1n the uncompressed, natural state
than the second biasing member 184. The first biasing
member 182 may range from 10-15 mm, and preferably
about 12.5 mm 1n uncompressed length in certain embodi-
ments. The second biasing member 184 may range from
7-12 mm, and preferably about 9.5 mm in uncompressed
length 1n certain embodiments.

The first and second biasing members 182, 184 may have
any number of coils, which may or may not correlate to the
length of the biasing members 182, 184. For instance, in at
least one embodiment the first biasing member 182 may
have 4-10 coils, preferably at least 5 coils, including at least
3 active coils. The second biasing member 184 may have
from 3-8 coils, preferably about 4 coils, including at least 2
active coils. The coils may be of any length, such as having
a distance in the range of 1-5 mm between each coil,
determined by the overall length of the biasing member and
number of coils therein. The coils may be right-handed or
left-handed coils, and the first and second biasing members
182, 184 may have the same or different handed coils. In at
least one embodiment, the first and second biasing members
182, 184 have oppositely handed coils from one another,
with one being right-handed coiled and the other being
left-handed, though this 1s not required. Using different
handed coils may aid in keeping the biasing members 182,
184 from intertwining or interfering with one another.
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One biasing member, such as the first biasing member
182, may have a smaller overall diameter than the second
biasing member 184, though in certain embodiments it may
be the reverse, and 1n still other embodiments the first and
second biasing members 182, 184 may have the same or
similar overall diameter. For instance, the first biasing
member 182 may have an overall diameter 1n the range of
3-8 mm and preferably about 5.5 mm in at least one
embodiment. The second biasing member 184 may have an
overall diameter 1n the range of 5-10 mm and preferably
about 7.6 mm 1n at least one embodiment. As used herein,
“overall diameter” refers to the diameter of the biasing
member when viewed looking down the coils. The first
biasing member 182 may be made of wire having a smaller
diameter than that of the second biasing member 184, such
that the maternial comprising the first biasing member 182 1s
thinner than the material comprising the second biasing
member 184. For mstance, the first biasing member 182 may
have a wire diameter in the range of 0.1-0.5 mm and may be
about 0.25 mm 1n at least one embodiment. The second
biasing member 184 may have a wire diameter in the range
of 0.3-1.0 mm and may be about 0.55 mm 1n at least one
embodiment. Although the term “wire™ 1s used here for ease
of reference, 1t should be understood that this refers to any
material forming the biasing members, which may not be
wire per se. In other embodiments, the first and second
biasing members 182, 184 may be made of material having,
the same or substantially similar wire diameter as one
another.

In at least one embodiment, the first biasing member 182
may be generally longer than the second biasing member
184, and the second biasing member 184 may have a higher
spring rate or tension than the first biasing member 182. In
other embodiments, these aspects may be reversed, with the
first biasing member 182 being shorter and having a greater
spring rate than the second biasing member 184. In embodi-
ments having only a single biasing member, a first end may
have a higher spring rate than a second end such that
different force components are produced when different
sections are compressed.

Regardless of the particular specifications of each biasing
member(s) 182, 184, the first and second force components
are additive as the biasing member(s) 182, 184 are com-
pressed. These additive resistive forces collectively are
suflicient to overcome the frictional forces of the seal formed
in the closed position, discussed 1n greater detail below 1n
relation to FIGS. 13-17. As used herein, “spring force” refers
to the amount of force provided by the biasing members 182,
184 against the surfaces on which they contact or are biased,
such as against the restricting member 170 discussed 1n
detail below. The spring force can also be defined as the
spring rate of the biasing member multiplied by 1ts com-
pression.

The biasing members 182, 184 may be positioned any-
where 1n the valve 110, though 1n at least one embodiment
are dimensioned to fit within the channel 115, such as 1n the
lower body 130 of the valve 110. The channel 115 may
include at least one support surface against which the
biasing member(s) 182, 184 are supported during compres-
sion. For instance, and with reference to FIG. 5, the channel
115 may include a first support surface 142 and second
support surface 144 having different dimensions from one
another, as previously discussed. Each of these support
members 142, 144 may be configured to contact and engage
a different one of the biasing members 182, 184 1n the
channel 115. For instance, the first support surface 142 may
be configured to receive, contact and support one end of the
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first biasing member 182 when 1t 1s compressed, which 1n
the example shown 1n the Figures has the smaller diameter
and longer length of the biasing members. The first support
surface 142 may therefore have a radial length substantially
the same as or slightly larger than the wire diameter of the
first biasing member 182. Similarly, the second support
surface 144 may be configured to receive, contact and
support one end of the second biasing member 184, which
in the example shown in the Figures has the larger diameter
and shorter length. The second support surface 144 may
have a radial length substantially the same as or slightly
larger than the wire diameter of the second biasing member
184. In some embodiments, the first and second support
surfaces 142, 144 may have the same radial lengths as one
another. The support surfaces 142, 144 not only provide a
backstop for the biasing members 182, 184 against which
they are compressed, but may also keep the biasing members
182, 184 from intersecting or getting tangled 1n one another.

The valve 110 also includes a restricting member 170
disposed 1 and movable within the channel 115 along the
valve axis 114 to open and close the flow of fluid through the
valve 110. The restricting member 170 may be made of the
same or different material as that of the valve 110, such as
but not limited to nylon, plastics or metals. The restricting
member may be a piston, the ball of a ball valve, or other
similar component of any type of valve.

As shown in FIGS. 4, 7 and 8, the restricting member 170
may be a piston and include a head 172 and a stem 174
extending therefrom. In some embodiments, the head 172
and stem 174 are fixedly secured to one another, such as
through bonding, adhesive, or other fastening mechanism. In
at least one embodiment, the head 172 and stem 174 may be
integrally formed of umitary construction. The stem 174 has
a diameter less than that of the channel 115 such that 1t 1s
received within the channel 115, even at its narrowest or
smallest diameter. For instance, 1n at least one embodiment
the stem 174 has a diameter about 1-10 mm and about 4 mm
in at least one embodiment. The restricting member 170 1s
positioned within the channel 115 with the end of the stem
174 being closer to the first end 111 of the valve 110 and the
head 172 being closer to the second end 112 of the valve 110.
The restricting member 170 1s movable within the channel
115 along the valve axis 114, such as by shiding or other
action, according to various pressures that are described 1n
greater detail below. When the valve 110 1s open, the
restricting member 170 may spaced apart from the walls of
the channel 115 and/or the angled wall(s) 141 of the neck

140 so as not to engage the walls and to move freely through
the channel 115.

The biasing member(s) 182, 184 are positioned so as to be
selectively engaged and compressed by the restricting mem-
ber 170 when force 1s applied to the restricting member 170,
such as during filling described in greater detail below. In at
least one embodiment, as shown 1n the Figures, the biasing
member(s) 182, 184 may be positioned between the restrict-
ing member 170 and the wall(s) of the channel 115. As
depicted 1n embodiment of FIG. 6, the first and second
biasing members 182, 184 may be positioned along the stem
174 of the restricting member 170, such as concentrically
about the stem 174, although other configurations are also
possible. The first and second biasing members 182, 184 do
not interfere with the movement of the stem 174, and nor
does the stem 174 impede the compression or relaxation of
the biasing members 182, 184. Each act independently of the
others.

In some embodiments, the head 172 of the restricting
member 170 may have a larger diameter than the stem 174,
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such as shown in FIGS. 7 and 8, to retain the restricting
member 170 within the channel 115 and prevent 1t from
falling through. For instance, 1n at least one embodiment the
stem 174 may have a diameter of about 4 mm and the head
172 may have a diameter of about 13.7 mm. In certain
embodiments, the head 172 may have an angled profile such
as along the side of the head 172. The pitch or angle of the
head 172 may correspond to the pitch or angle of the angled
wall(s) 141 of the neck 140 of the channel 115. For 1nstance,
the pitch or angle of the side of the head 172 may be 1n the
range of 10° to 80° and may be about 30° 1n at least one
embodiment. It should be appreciated that tolerances or
variations 1n the precise pitch or angle between the angle of
the head 172 and the angled wall(s) 141 of the neck 140 are
permissible and may still be considered corresponding to
one another. Accordingly, the head 172 may fit within and be
retained by the neck 140 of the channel 115, such that the
angled wall(s) 141 of the neck 140 restrict movement of the
restricting member 170 along the valve axis 114 in the
direction of the first end 111 of the valve 110.

With reference to FIG. 16, a sealing point 190 1s located
along the channel 115 length, preferably at some point along
the neck 140. The precise location of the sealing point 190
1s a matter of design choice as would be within the ambit of
one skilled 1n the art and may be based at least 1n part on the
parameters and dimensions of the various components of the
valve 110 and/or valve assembly 100. The sealing point 19
1s the point at which a portion of the restricting member 170,
such as the head 172 thereol, contacts the angled wall(s) 141
of the neck 140, forming a sealing engagement with the
angled wall(s) 141 of the neck 140. This contact may be a
frictional engagement between the restricting member 170
and the angled wall(s) 141 of the neck 140 which restricts
fluid tlow. Accordingly, the sealing point 190 defines the
closed position of the valve 110. For example, in the
embodiments where the restricting member 170 1s a piston,
when the side of the head 174 1s frictionally fit with the
angled wall(s) 141 of the neck 140 of the channel 115, the
valve 110 1s closed, restricting fluid flow. When there 1s
space between the head 174 and the walls of the neck 140,
the valve 110 1s open and flmd flow 1s permitted. Accord-
ingly, fluid flows through the channel 115 and around the
restricting member 170 when 1n use.

In certain embodiments, the restricting member 170, such
as the head 172 of a piston, may include a groove 176
formed therein, preferably circumierentially about the head
172 though other configurations are also contemplated,
including longitudinal or angled linear grooves. Regardless
of configuration, the groove 176 1s dimensioned to receive
and retain a resilient member 178, such as an O-ring or other
sealing component, which can have any suitable shape that
assists 1n forming a tluid tight seal with the walls 141 of the
channel neck 140. With reference to FIGS. 4, 7 and 8, the
groove 176 may include at least one wall, such as a back, top
and bottom walls, which collectively form and define the
groove 176. The back, top and bottom of the groove 176
may be continuous with one another, forming a single wall,
which may be continuous with the perimeter of the remain-
der of the head 172, creating an opening therewith. In some
embodiments, as shown 1 FIG. 8, the groove 176 may be
asymmetrical 1n shape, with one side or wall being longer
than another, although 1n other embodiments the groove 176
may be symmetrical. The interior surfaces or walls of the
groove 176 may be curved, angled, linear, or other configu-
ration as may be appropriate for receiving a resilient mem-
ber 178 therein. The groove 176 may have any suitable
dimension, such as in the range of about 0.5-2 mm deep and
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0.5-2 mm tall. In at least one embodiment, the groove 176
may be about 1.4 mm deep and about 1.6 mm tall, with the
opening of the groove 176 measuring about 1.6 mm.

The groove 178 1s dimensioned to accommodate the
expansion of the resilient member 178 radially into the
groove 176 upon compression of the resilient member 178
upon the walls 141 of the neck 140 of the channel 1135 n
forming a fluid-tight seal. The resilient member 178 may
therefore at least partially extend beyond the opening of the
groove 176 when retained therein, even when the resilient
member 178 1s under pressure or compression, so as to be
able to form a seal with the angled wall(s) 141 of the neck
140. The resilient member 178 may be made of any suitable
clastomeric material, such as but not limited to epichloro-
hydrin (ECO) such as of the HYDRIN® brand provided by
Zeon Chemicals, L.P (Louisville, Ky.), nitrile, silicone,
neoprene, polytetratluoroethylene (PTFE), rubber and elas-
tomeric polymers, and which may be natural or synthetic.
The resilient member 178 may have any suitable elastomeric
qualities for compression and resiliency, such as may be
demonstrated by a hardness or durometer in the range of
about 85-95 on the Shore A scale about 90 1n at least one
embodiment, though the hardness or durometer may be
measured on any appropriate scale. The resilient member
178 may have any thickness suitable to provide the required
clastomeric qualities for the type of material used. For
instance, 1t may have a thickness in the range of about 0.5-3
mm and about 1.78 mm in at least one embodiment. The
resilient member 178 has a diameter suflicient to fit within
the groove 176 of the head 172 of the restricting member
170. For instance, the resilient member 178 may have an
inner diameter in the range of 8-10 mm and about 9.25 mm
in at least one embodiment, and an outer diameter 1n the
range of about 10-15 mm and about 12.8 mm 1n at least one
embodiment.

In addition, the opening of the groove 176 located 1n the
perimeter of the restricting member 170 may be substan-
tially planar with the perimeter thereof, including any angle
or pitch, such as of the head 172 shown 1n FIG. 8. Accord-
ingly, the opening of the groove 176 may be at an angle
relative to the valve axis 114 and may correlate to the angle
of the neck 140 of the channel 115 1n order to provide a
fluid-tight seal with the angled walls 141 of the neck 140 and
retain the resilient member 178 therein. The diameter of the
head 172 may therefore vary and may be larger on one side
of the groove 176 and smaller on the other side of the groove
176, such as about 13.7 mm on one side and about 10.5 mm
on the other side of the groove 176. In at least one embodi-
ment, the smaller diameter portion of the head 172 1s
proximal to the stem 174, to follow the narrowing of the
channel 115 at the neck 140.

In at least one embodiment, the head 172 may also include
an extension 173 which projects from the head 172 opposite
from the stem 174, such as shown in FIG. 7. The extension
173 may be a nub or other small structure which extends
beyond a substantially planar surface of the head 172. The
extension 173 may be linear, curved or angled. It may extend
beyond the head 172 by any suitable length to engage the
upper body 120 of the valve 110, as described below, to
restrict the movement of the restricting member 170 along
the valve axis 114 in the direction of the second end 112. For
instance, in some embodiments the extension 173 may
extend 1n the range of 2-3 mm from the surface of the head
172 and may be about 2.2 mm 1n at least one embodiment.
Further, in at least one embodiment, the extension 173 may
have any width or diameter that would fit within the channel
115, such as in the range of about 3-8 mm and about 5 mm
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in at least one embodiment. In some embodiments, the
extension 173 may have a similar width to the diameter of
the stem 174, though this relationship 1s not required 1n all
embodiments.

As shown i FIGS. 4, 9 and 10, the valve 110 also
includes an upper body 120 forming the second end 112 of
the valve 110 and configured to engage the lower body 130.
The upper body 120 may be made of the same or different
material as that of the lower body 130, as noted above. The
upper body 120 1tself has a first end 121 and opposite second
end 122 and a length defined there between. The length may
be any suitable measurement, such as in the range of 18-40
mm and about 20.5 mm in at least one embodiment. As
shown 1n FIGS. 1-3, 9, 11 and 12, the second end 122 of the
upper body 120 may include threading or other suitable
frictional or joining features that allows the upper body 120
to connect to a filling apparatus 12, fluid source, or other
mechanism at the top of fluid storage container 10 for filling
and discharging the fluid storage container 10. The first end
121 of the upper body 120 1s configured to engage the
second end 132 of the lower body 130 to collectively form
the body of the valve 110. For instance, in at least one
embodiment the upper body 120 and lower body 130
securely attach to one another with welding, adhesive,
threading engagement or other suitable secure fastening
mechanism. Accordingly, at least a portion of the upper body
120 may have a substantially similar diameter to the lower
body 130 described above, such as the first end 121 of the
upper body 120. For instance, 1n at least one embodiment the
first end 121 of the upper body 120 may have a diameter in
the range of 15-17 mm and about 16 mm in at least one
embodiment.

In at least one embodiment, the first end 121 of the upper
body 120 may be recerved within the second end 132 of the
lower body 130 when connecting to two together to form the
valve 110. In still other embodiments, the second end 132 of
the lower body 130 may include an interior notch or other
radially mnwardly facing feature configured to receive and
restrain the first end 121 of the upper body 120. Of course,
the upper and lower bodies 120, 130 may be joined together
in other ways, such as with the second end 132 of the lower
body 130 may be received within the first end 121 of the
upper body 120. Once joined, the upper and lower bodies
120, 130 may be permanently aflixed to one another through
welding, adhesives or other suitable methods.

The valve channel 115 extends through the upper body
120 between the first and second ends 121, 122 thereotf. The
channel 115 forms a continuous tluid tlow pathway between
the upper and lower bodies 120, 130 of the valve 110 when
joined together. Accordingly, the channel 115 at the first end
121 of the upper body 120 may have a similar diameter as
the channel 1135 at the second end 132 of the lower body 130,
such as about 16 mm 1n at least one embodiment. In other
embodiments, the channel 115 extending through the upper
body 120 may have a smaller diameter than the channel 115
in the lower body 130, such as about 6 mm for instance.

In certain embodiments, such as depicted 1n FIG. 10, the
upper body 120 also includes an annular channel 124
disposed circumierentially within the upper body 120. The
annular channel 124 may be located anywhere 1n the upper
body 120, though preferably 1s located at the first end 121 of
the upper body 120. The annular channel 124 may be
concentrically positioned about the channel 115 1n the upper
body 120, as shown 1 FIG. 10. The annular channel 124 1s
in fluid flow communication with the channel 1135 in both the
upper and lower bodies 120, 130. Accordingly, the annular
channel 124 provides fluid flow to outer, such as perimetric,
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areas ol the valve 110, directing fluid around the head 172
so the restricting member 170 does not obstruct the flow of
fluid through the valve 110 in the open position. The outer
diameter of the annular channel 124 may be substantially the
same diameter as the diameter of the channel 115 in the
lower body 130, such as about 16 mm 1n at least one
embodiment.

Connecting the annular channel 124 with the main chan-
nel 115 1s at least one passage 125, as shown 1n FIG. 10. The
passage(s) 125 are therefore in fluild commumnication
between the central channel 115 and annular channel 124
and provide fluid flow between the channels 115, 124. There
may be any number of passages 125 and they may have any
shape and dimension suilicient to provide fluid tlow between
the channel 115 and the annular channel 124. For instance,
as 1n the embodiment of FIGS. 9 and 10, there may be three
passages 125 evenly spaced around the main channel 115,
though in other embodiments there may be two, six, eight,
or any number. In still further embodiments, the passages
125 may be the same as one another, and 1n other embodi-
ments may be different from one another 1n geometry and/or
shape. For instance, the passages 125 may be trlangular n
shape as 1 FIG. 9, angling outward from the main channel
115 to the annular channel 124. In other embodiments, the
passages 125 may be curved, linear, jointed, or other con-
figuration. In at least one embodiment, the passage(s) 125
may be angled 1n the range of 10° to 80° relative to the valve
axis 114. In certain embodiments, the passage(s) 125 may be
angled about 60° relative to the valve axis 114, as 1n FIGS.
9-10. In some embodiments, the upper body 120 includes
only a central channel 115 and at least one passage 125 but
lacks an annular channel 124 as described above. In such
embodiments, the passage(s) 125 may direct fluid around the
restricting member 170 directly.

The upper body 120 may also include any number of legs
126 disposed between the annular channel 124 and the
central or main channel 1135. The legs 126 may also be
positioned between adjacent ones of the passages 125, such
as to separate one passage 1235 from the next, as shown 1n
FIG. 10. The legs 126 may preferably be formed of unitary
construction with the upper body 120 and may therefore be
formed of the same material. In at least one embodiment, the
legs 126 do not extend beyond the perimeter of the first end
121 of the upper body 120, such that the opening at the first
end 121 of the upper body 120 remains flush or substantially
planar, as shown 1n FIG. 9. In other embodiments, however,
the legs 126 may extend beyond the perimeter of the first end
121 or may remain within the upper body 120. Regardless
of length, the legs 126 prevent movement of the restricting
member 170 1n the direction of the second end 112 of the
valve 110 along the valve axis 114. When the valve 110 1s
tully assembled, such as shown 1n FIGS. 13-17, the restrict-
ing member 170 1s positioned and movable within the lower
body 130 of the valve 110, with the extension 173 of the
head 172 protruding into the central channel 115 of the upper
body 120. Because the annular channel 124 1s also located
at the junction of the upper and lower bodies 120, 130, the
head 172 may be able to travel up into and block the annular
channel 124 as well, but for the legs 126 that restrict
movement of the head 172 and prevent 1t from entering the
annular channel 124. Accordingly, fluid flow from the annu-
lar channel 124 around the restricting member 170 1s main-
tamned even when the head 172 1s at 1ts upper-most limit
within the valve 110.

With reference to FIGS. 1-4, the valve 110 may also
include a clip 136 that extends from the exterior of the valve
110. In at least one embodiment, the clip 136 may extend
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from the exterior of the valve 110 in the range of 1-4 mm and
may be about 3 mm in certain embodiments. The clip 136 1s
dimensioned to recerve and releasably retain one or more dip
tube, wire, cable, cord, or the like as may be positioned
along the length of valve 110 and beyond into the fluid
storage container 10, such as to obtain readings of the
interior of the container 10 or fluid contained therein such as
but not limited to fluid level, temperature and pressure. The
clip 136 may therefore have lobes, such as shown in FIGS.
1 and 4, that coordinate together to hold the dip tube, wire,
cable, or cord. The clip 136 may be located anywhere along
the valve 110 exterior, such as near the first end 111 of the
valve 110. In some embodiments, the clip 136 may be
located on the lower body 130 of the valve 110.

The first end 111 of the valve 110 also includes a recerver
139 formed 1n the lower body 130 of the valve 110. As
shown 1 FIGS. 1-4, the receiver 139 may be an exterior-
facing socket, slot or similar structure that 1s closed on one
side and open on at least one other side and does not interfere
with the channel 115 on the inside of the valve 110. As
shown 1 FIGS. 1-4, the recerver 139 may be open on three
sides which are contiguous with one another. The receiver
139 1s dimensioned to receive and movably retain a cam 150
therein. The recerver 139 may therefore have a length 1n the
range of 15 to 17 mm, a width 1n the range of 4 to 19 mm,
and a depth 1n the range of 5 to 8 mm. In at least one
embodiment, the receiver 139 measures about 16 mm long
by about 17 mm wide by about 6 mm deep.

The lower body 130 of the valve 110 may also 1include an
attachment opening 138 extending through a portion of the
lower body 130 at the receiver 139. The attachment opening
138 1s dimensioned to receive an attachment member 137
therethrough. For instance, the attachment opening 138 may
have a diameter 1n the range of 1-3 mm and may be about
2.5 mm 1n certain embodiments. The attachment member
137 may be a pin, screw, bolt, or other similar fastener. The
attachment member 137 1s configured to pass through the
attachment opening 138 and a cam opeming 151 within the
cam 150 when the cam 150 1s positioned within the receiver
139 (as described 1in more detail below). The attachment
member 137 may therefore be at least long enough to span
a portion of the cam 150 and a portion of the attachment
opening 138. In certain embodiments, the attachment mem-
ber 137 may be as long as the depth of the cam 150 and at
least a portion of the lower body 130 and may not extend
beyond the lower body 130, such as when flush with the
surface of the lower body 130 or when countersunk in the
attachment opening 138. For instance, i at least one
embodiment the attachment member 137 may measure
about 12-13 mm long, such as about 12.7 mm 1n certain
embodiments, and may have a diameter 1n the range of about
2-3 mm such as about 2.4 mm in certain embodiments. In
other embodiments, however, the attachment member 137
may extend beyond the lower body 130 so long as 1t does not
impede the movement of the cam 150.

In some embodiments, the attachment member 137 may
include at least one frictional element such as spurs, fins,
threads, flanges, grooves, or other similar components
extending radially outwardly or inwardly from the attach-
ment member 137, and which may be angled, pitched, or
curved. The iIrictional element(s) need only minimally
extend 1nto the attachment opening 138, enough to grab the
surrounding material without interfering with the rotation of
the cam 150. Such irictional elements are configured to
engage at least one of the cam 150 and the lower body 130
near the attachment opening 138 to irictionally retain the
attachment member 137 within the cam 150 and valve 110,
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but not interfering with the movement or rotation of the cam
150. In at least one embodiment, the frictional element(s)
may have a polarity in their configuration and/or position
along the attachment member 137 to aid 1n placement and
positioning of the attachment member 137. For instance, in
at least one embodiment, the attachment member 137 may
include four frictional elements formed as fins positioned
along one-quarter of the length of the attachment member
137 and angling outwardly therefrom to an ultimate length
of about 0.2 mm. This 1s but one embodiment and 1s not
intended to be limiting 1 any way. There may be any
number of Irictional elements and may be positioned any-
where along the attachment member 137.

Retferring to FIGS. 1-4, a check valve assembly 100
includes the valve 110 as discussed above as well as a cam
150 pivotably mounted 1n the receiver 139 of the valve 110
by the attachment member 137. Accordingly, the attachment
member 137 serves as a pivot point about which the cam 150
rotates. The cam 150 may have any thickness as would fit
within the receiver 139 of the valve 110. For 1instance, 1n at
least one embodiment the cam 150 has a thickness 1n the
range of 3-6 mm and 1s about 5 mm 1in at least one
embodiment. As discussed above, the cam 150 1s inserted
into the receiver 139 so a central opening of the cam 150
aligns with the attachment opening 138 of the receiver 139,
and the attachment member 137 1s inserted through both to
connect the cam 150 and lower body 130 of the valve 110
together while permitting pivoting movement of the cam
150 about the attachment member 157.

The cam 150 includes a cam profile, as best shown 1n
FIGS. 15 and 16. The cam profile is the perimetric boundary
of the cam 150 and includes a variety of features that aflect
the movement of the portion of the restricting member 170
contacting 1t, such as a piston stem 174. For instance, the
cam 150 includes a cam lobe 152 having a preferably
smooth or rounded surface for recerving and supporting at
least a portion of the restricting member 170, such as a
terminal end thereof which may be a stem 174, as shown 1n
FIGS. 14 and 15. The apex of the cam lobe 152 defines a
shoulder 153 that may be higher than the cam lobe 152 and
which may be pointed, rounded, or another configuration.
The cam 130 further includes a cam valley 154 defined as
the space bounded by the valley floor 157 and opposing first
and second cam walls 155, 156 that extend from the valley
floor 157. Accordingly, the depth of the cam valley 154
depends on the height of at least one of the cam walls 155,
156. The first cam wall 155 joins the shoulder 153 to the
valley floor 157 and therefore defines the height/depth of the
cam valley 154 1n at least one embodiment. For mstance, 1n
at least one embodiment, the first cam wall 155 may have a
radius of about 10.5 mm from the ordinal center (or pivot
point), and the cam valley 154 may be defined by a valley
floor 157 having a radius of about 5 mm from the same pivot
point. The difference between these 1s about 5.5 mm, which
1s the depth of the cam valley 154 at that location along the
cam profile. The cam valley 154 has a depth or height
suilicient to receive the stem 174, preferably without the
stem 174 contacting the valley floor 157. The first cam wall
155 and second cam wall 156 may be linear, curved or
angular, and may be parallel to one another. In other
embodiments, the first and second cam walls 155, 156 may
extend at diflerent angles relative to the valley floor 157, and
the angle of the second cam wall 156 may be greater than the
angle of the first cam wall 1535 1n at least one embodiment.
For instance, the second cam wall 156 may be at a point of
the cam profile having a radius of about 7.75 mm from the
pivot point of the cam 150, such that the first cam wall 155
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1s higher than the second cam wall 156 by about 2.75 mm.
Further, the second cam wall 156 may extend at substantially
a right angle to the cam valley floor 157 and the first cam
wall 155 may extend at an acute or obtuse angle relative to
the cam valley floor 157, but preferably at an obtuse angle
thereto. Of course, the second cam wall 156 may also extend
at an acute or obtuse angle relative to the cam valley floor
157 and may be the same or diflerent angle as that of the first
cam wall 155. The top of the second cam wall 156 also limaits
the rotation of the cam 150 1n the closed position to prevent
it from over-rotating, such as to 180° or more relative to the
valve axis 114. A separate wall on the opposite side of the
first cam wall 155 prevents over-rotation of the cam 150 1n
the open position. In addition, the first cam wall 155 and
shoulder 153 may be configured such that when the stem 174
ol the restricting member 170 moves past the shoulder 153
and 1nto the cam valley 154, the stem 174 1s spaced apart
from the first cam wall 155. In other embodiments, the stem
174 may contact and frictionally engage the first cam wall
155 when 1n the cam valley 154.

Returming to FIGS. 1-4, an arm 160 extends from the cam
150 and may be securely attached or integrally formed
therewith. In at least one embodiment the arm 160 may be
made of material such as but not limited to nylon (unfilled,
glass-filled, and other types of nylon), plastics, metals,
stainless steel and other suitable materials. The arm 160,
cam 150, and/or upper and lower bodies 120, 130 of the
valve 110 may be made of the same or different materials.
The arm 160 and cam 150 may be of unitary construction or
made separately and securely fastened to one another. The
arm 160 may be any length that would fit within the fluid
storage container 10, such as in the range of 100-130 mm
and about 110 mm 1n at least one embodiment. The arm 160
defines an arm axis 166 that 1s transverse to the valve axis
114 such that the axes intersect one another, as shown 1n
FIG. 4.

The arm 160 1ncludes a float 162 disposed along at least
a portion thereof. In some embodiments the float 162 spans
a majority of the length of the arm 160. For instance, the arm
160 may measure about 110 mm and the float 162 may
measure 1n the range of 75-80 mm 1n length. The float 162
may be made of a material that lighter than the tluid 11 to be
filled, stored and discharged from the flmid storage container
10 so that 1t floats thereon. For instance, in at least one
embodiment the float 162 may be made of maternial that has
a lower density than that of the fluid 11, such as up to 0.5
grams per cc unit of fluid 11. In certain embodiments, the
float 162 has a density of about 0.32 g/cc of fluid 11. In some
embodiments, the tloat 162 may include a plurality of air
pockets to facilitate a floating action on the surface of the
fluid 11. Accordingly, the float 162 may be made of materials
compatible with the fluid it 1s intended to be in contact with
to avoid dissolving, such as but not limited to foam, hard
nitrophenolic NMR foam, polystyrene, and other similar
materials. The float 162 may be secured to the arm 160 with
a cap 164, such as a nut, washer, wingnut, or other similar
fastening mechanism, and/or may be permanently secured to
the arm 160 such as with welding or adhesive. The arm 160
may also include threading or other features to engage the
cap 164 and releasably retain the cap 164 on the arm 160,
such as at the terminal end thereof.

As shown 1n FIG. 11, the check valve assembly 100 may
be mounted within an interior of a fluid storage container 10,
such as a tank or other similar structure. For instance, the
fluid storage container 10 may be a 10 1b. or 20 1b. propane
cylinder or other similar canister for holding liquids or
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extends into the interior space of the tluid storage container
10. The second end 112 of the valve 110 may attach to a
filling apparatus 12 or other like structure attached to an
access port 13 to provide selective fluid communication
between the access port 13 of the container 10 and the valve
110. The access port 13 may 1n turn be connected to a fluid
source for filling the fluid storage container 10. Larger sizes
of the cam 150, cam profile, cam valley 154 and arm 160
length may be used with larger fluid storage containers 10,
and vice versa, and may be scalable or proportional 1n
relation to one another. In at least one embodiment, however,
the valve 110 si1ze may remain unchanged regardless of the
s1ize of tluid storage container 10 used. In other embodi-
ments, the valve 110 may also be larger or smaller for
different sized fluid storage containers 10 with differing
holding capacities.

In an open or resting position as shown 1 FIGS. 11 and
13, which may also be the same as a discharging position,
the arm 160 of the check valve assembly 100 extends
downwardly into the interior space of the fluid storage
container 10 by an angle Al. Angle Al 1s measured from the
horizontal to the arm axis 166 and i1s the maximum angle at
which the arm 160 may be positioned. It occurs when the
float 162 1s not 1n contact with the flmmd 11 within the
container 10. Angle A1 may depend on the contours of the
cam 150 and the dimensions and capacity of the container
10. In at least one embodiment, angle A1 may be 1n the range
of 90° to 45° relative to the horizontal, and 1n at least one
embodiment may be about 55-56°. Taking a closer look at
the 1nside of the valve 110, as shown 1n FIG. 13, 1n the open
or resting position, the head 172 of the restricting member
170 may be contacting the upper body 120 of the valve 110,
and the terminal end of the stem 174 may be free from
contact with the cam 1350. The pathway through the channel
115 1s clear and the biasing member(s) 182, 184 are relaxed
and uncompressed.

To begin filling the container 10 with flmd 11, a flud
source 1s attached to the access port 13. The handle 14 of the
filling apparatus 12, as shown 1n FIG. 11, 1s operated such
as by turning, rotating, depressing, sliding, or other suitable
action to open the filling apparatus 12, allowing fluid 11 to
enter from a fluid source (not shown) through the access port
13. The fluid 11 passes through the filling apparatus 12, into
the second end 112 of the valve, through the channel 115 of
the valve 110, and out the flud opening(s) 135 1n the valve
110 (shown 1n FIGS. 1-3). FIG. 14 shows the fluid flow 16
of fluid through the valve 110 during filling. As the fluid 11
flows down through the valve 110 from the filling apparatus
12, it applies a fluid force 20 onto the restricting member
170, such as a piston head 172, 1n the direction of fluid flow
16, which 1s 1n the direction of the first end 111 of the valve
110. The fluid force 20 pushes the restricting member 170 1n
the direction of fluid flow 16, which goes through the
channel 115, passage(s) 125 and annular channel 124 and
around the restricting member 170. The restricting member
170 1s thus moved out of contact with the upper body 120 of
the valve 110, and into contact with the cam 150. Specifi-
cally, the terminal end of the stem 174 1s moved 1nto contact
with the cam lobe 152 of the cam 150. This cam lobe 152
provides suflicient height for the stem 174 to keep the
restricting member 170 elevated from the walls of the neck
140.

In addition, the fluid force 20 begins to compress the first
biasing member 182 against the first support surface 142,
creating a corresponding first force component against the
restricting member 170. As depicted 1n FIG. 14, there 1s a
first compression zone 186 1n proximity to the restricting
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member 170. Without wishing to be bound by theory, the
first compression zone 186 1s defined by the top and bottom
boundaries of the portion of the restricting member 170 that
1s responsible for forming a seal at the sealing point 190 1n
relation to the compression of the first biasing member 182.
It should therefore be appreciated that the first compression
zone 186 1s a region defined by the upper boundary of the
restricting member 170, such as the piston head 172, and the
lower end thereof, 1n its position from just contacting the
first biasing member 182 without compression (as an upper
boundary) through 1ts range of motion 1n compressing the
first biasing member 182 (the lower boundary). Accordingly,
in at least one embodiment, the first compression zone 186
may be located 1n the channel 115 at or near the sealing point

190.

As the fluid storage container 10 begins to fill, the level
of fluid 11 accumulated therein begins to rise. When the
level of fluid 11 reaches the float 162 on the arm 160, the

float 162 also begins to rise with the rising level of fluid 11.
This contact of the fluid 11 with the float 162 marks the

transition positions. As the fluid 11 level rises and the float
162 rises through various transition positions, the attached
arm 160 and cam 150 rotate about the attachment member
137 as a pivot point, thus reducing the angle of the arm axis
166 from the angle Al. As the cam 150 rotates, as shown 1n
FIG. 15, the stem 174 rnides along cam lobe 152 to the cam
shoulder 153. The channel 115 remains open in these
transition positions, allowing fluid 11 to continue flowing
through the valve 110 and into the container 10. With the
continued fluid flow 16 comes added fluid force 20 on the
restricting member 170, thus further compressing the first
biasing member 182 through the first compression zone 186
and beginning to compress the second biasing member 184
in a second compression zone 188. Like the first compres-
sion zone 186, the second compression zone 188 1s also
defined by the upper and lower boundaries of the portion of
the restricting member 170 that will eventually form the
sealing engagement that closes the valve 110, such as a
piston head 172, but in relation to the second biasing
member 184 rather than the first. The second compression
zone 188 therefore begins when the restricting member 170
comes 1nto contact with the second biasing member 184 and
continues through the range of compression of the second
biasing member 184. The first and second compression
zones 186, 188 may overlap with one another or may be
discrete from one another. The first and second force com-
ponents may be additive with one another, providing
increased resistive force with the addition and/or transition
to compression of the second biasing member 184. This
increase 1n resistive force may be a linear increase or
non-linear increase, such as step-wise or exponential, and
may be determined by the resistive properties or other
physical properties of the biasing members 182, 184.

As the restricting member 170 compresses the second
biasing member 184, the biasing member 184 in turn pro-
duces a resultant second force component that pushes
against the restricting member 170. In at least one embodi-
ment, the second biasing member 184 has properties that
produce a second force component which may have a
greater force than the first force component produced by the
first biasing member 182. For instance, the second biasing
member 184 may have a greater spring rate or stiflness that
produces greater force when compressed than the first
biasing member 182. In other embodiments, though, the
second force component may be the same or less than the
first force component.
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The second compression zone 188 1s preferably closer 1n
proximity to the sealing point 190 than the first compression
zone 188 such that the first and second force components are
additive with one another to increase the resistive force on
the restricting member 170 the closer 1t gets to the sealing
point 190. As the restricting member 170 approaches the
sealing point 190, the space in the channel 115 in which the
fluid may flow becomes smaller, increasing the force of the
fluid flow 16 on the restricting member 170. Because of this
increased fluid force, the restricting member 170 1s able to
apply increased force to the second biasing member 184.
Because of this greater fluid force, the second biasing
member 184 having more resistive properties 1s capable of
being compressed whereas 1t may not be able to be com-
pressed by the initial fluid force.

When the float 162 rises to a level that 1s determined to be
the maximum fill level for the container 10, the arm 160 and
arm axis 166 are at an angle A2, shown 1n FIG. 12. Angle
A2 1s defined as the angle of the arm axis 166 relative to the
horizontal when the maximum fluid level 1s reached. In
some embodiments, the maximum {ill level may be about
75%-90% of total container 10 capacity and may be about
80% full 1n at least one embodiment. The corresponding
angle A2 of the arm 160 at maximum fill may be 1n the range
of 40° to 0° relative to the horizontal and may be about
19-20° 1n at least one embodiment. In any event, angle A2
1s less than angle A1. When the arm 160 achieves angle A2,
the cam 150 1s suthciently rotated that the stem 174 falls or
drops ofl the cam shoulder 153, as depicted in FIG. 16. The
pressure or fluid force 20 of the mcoming fluid continues to
press on the restricting member 170, driving the stem 174
down 1into the cam valley 154. Simultaneously, the fluid
force 20 further compresses the first and second biasing
member 182, 184 in the first and/or second compression
zones 186, 188.

In at least one embodiment, the downward movement of
the restricting member 170 1s halted by the head 172 and/or
resilient member 178 contacting the angled walls 141 of the
neck 140 of the channel 115 at the sealing point 190, as
shown 1n FIG. 16. The precise location of the sealing point
190 1s a matter of design choice as would be within the ambit
of one skilled i1n the art to determine, and may be located
anywhere along the channel 115, preferably anywhere along
the angled wall(s) 141 of the neck 140. The increased fluid
force caused with greater proximity of the restricting mem-
ber 170 to the sealing poimnt 190, along with the greater
second force component from the second biasing member
184, provides a tighter seal at the sealing point 190 than 1n
other valves and increased friction at the point where the
restricting member 170, such as the piston head 172, con-
tacts the angled wall(s) 141 of the neck 140. Indeed, 1n at
least one embodiment the fluid force 20 may be so great that
the head 172 and/or resilient member 178 may be iriction-
ally compressed against the angled walls 141 of the neck
140, tightly wedging or jamming the restricting member 170
into the neck 140 of the channel 115. This contact between
the head 172 and/or resilient member 178 and channel neck
115 provides a fluid-tight seal at the sealing point 190,
thereby closing the valve 110 and preventing fluid flow past
the point of contact. Thus, the valve 110 automatically closes
or shuts ofl.

Preferably, the sealing of the valve 110 occurs substan-
tially simultaneously to the stem 174 falling off the cam
shoulder 153 and moving into the cam valley 154. In at least
one embodiment, the length of the stem 174 1s less than the
distance from the neck 140 to the cam valley floor 157 such
that the neck 140 stops the downward movement of the
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restricting member 170 before the stem 174 can contact the
cam valley floor 157. In the closed position, the first and
second biasing members 182, 184 are at maximum com-
pression between the underside of the head 172 and the first
and second support surfaces 142, 144, respectively. The
valve 110 remains 1n this closed position until the pressure
above the valve 110 1s released.

To use the fluid 11 within the container 10, one must first
disconnect the filling apparatus 12 or vent the container 10
such as at the access port 13. This reduces the pressure above
(proximate to the second end 112) the valve 110 compared
to within the valve 110 and results 1n an mitial discharge,
shown in FIG. 17. In some embodiments this pressure
differential may be enough to open the valve 110. In at least
one embodiment, however, 1t may not be suflicient to
overcome the Iriction between the head 152 and the walls
141 of the neck 140 at the sealing point 190. Accordingly,
the spring force 30 that 1s at least the second force compo-
nent, but preferably the first and second force components
collectively, may be needed to overcome the frictional
engagement. Once the pressure above the valve 110 1is
reduced from venting or removing the filling apparatus, the
spring force 30 that the first and second biasing members
182, 184 exert on the head 172 from the compressed state
becomes greater than the pressure on the opposite side of the
head 172. While the head 172 1s still seated on the angled
wall(s) 141 of the neck 140 at the sealing position, both the
first and second biasing members 182, 184 push against the
head 172 with the combined spring force 30 that 1s suflicient
to overcome the friction of the seal. In some embodiments,
the spring force 30 from the first and second biasing mem-
bers 182,184 may also overcome any Iriction between the
stem 174 against the cam shoulder 173 that may exist. Once
the friction of the restricting member 170 within the neck
140 1s overcome, the restricting member 170 moves upward
in the direction of the spring force 30, opposite the frictional
force. The fluid seal is released and the valve 110 1s open,
allowing fluid flow such as for discharge during use. The
first and/or second biasing members 182, 184 may continue
to push the restricting member 170 away from the sealing
point 190 as far as their respective lengths permit. The
pressure of the flmd flow 16 escaping from below may also
contribute to the movement of the restricting member 170
upward once the initial friction 1s overcome.

Having first and second biasing members 182, 184 (or
first and second portions of a composite biasing member
having different compressive properties) provides certain
benefits that are not possible with the current valves. If only
one biasing member capable of providing only a single force
component were to be used, the biasing member would
either be too stifl that 1t would not compress sufliciently for
the valve 110 to close or 1t would be too light that it could
not overcome the frictional forces of the sealing engagement
of the restricting member 170 at the sealing point 190.
Having two diflerent force components, such as provided by
first and second biasing members 182, 184, bridges this gap
and solves this problem. The extra force 1s only added when
and where 1t 15 needed to provide a tighter, more efhicient
seal and to similarly overcome the friction providing this
tighter seal.

Since many modifications, variations and changes 1n
detail can be made to the described preferred embodiments,
it 1s intended that all matters in the foregoing description and
shown i1n the accompanying drawings be interpreted as
illustrative and not 1n a limiting sense. Thus, the scope of the
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invention should be determined by the appended claims and
theirr legal equivalents. Now that the invention has been
described,

What 15 claimed 1s:

1. A check valve having a closed position and an open
position, said check valve comprising:

a channel:

(1) extending through said valve along a valve axis;

(11) defined by at least one wall;

(111) 1including a neck defined by at least one angled
wall; and

(1v) configured to be selectively 1n communication with
a fluid source;

a sealing point located along said angled wall of said
neck;

a restricting member movable within said channel along
said valve axis between:

(v) said closed position defined by frictional engage-
ment of said restricting member with said angled
wall of said neck at said sealing point; and

(vi) said open position defined by said restricting
member being spaced apart from said angled wall of
said neck at said sealing point;

a first biasing member having a first spring rate, said first
biasing member selectively engaging said restricting
member and providing a first force component 1n a first
compression Zzone when engaging said restricting mem-
ber:;

a second biasing member having a second spring rate
greater than said first spring rate, said second biasing
member selectively engaging said restricting member
independently from said first biasing member, said
second biasing member providing a second force com-
ponent 1n a second compression zone when said second
biasing member engages said restricting member,

said first and second compression zones being within said
channel 1 proximity to said sealing point and said
second compression zone being nearer in proximity to
said sealing point than said first compression zone,

said first and second biasing members collectively pro-
viding increasing resistive force against said restricting
member with increasing proximity of said restricting
member to said sealing point as said restricting member
moves from said open position to said closed position;
and

said first and second spring rates of said first and second
biasing members producing said first and second force
components that are collectively suflicient to overcome
said frictional engagement of said restricting member
with said angled wall at said sealing point in said closed
position and move said restricting member from said
closed position to said open position.

2. The check valve of claim 1, further comprising at least
one support surtace associated with said channel, one end of
said first and second biasing members positioned against
said at least one support surface in said first and second
compression zones.

3. The check valve of claim 1, wherein said first force
component includes a first range of resistive forces, said
second force component includes a second range of resistive
forces, and wherein one of: (1) said second range of resistive
forces at least partially overlaps said first range of resistive
forces, and (1) said second range of resistive forces 1is
distinct from said first range of resistive forces.

4. The check valve of claim 1, further comprising a first
support surface and a second support surface associated with
said channel, said first biasing member contacting said first




US 10,989,360 B2

23

support surface 1n said first compression zone and said
second biasing member contacting said second support
surface 1n said second compression zone.

5. The check valve of claim 4, wherein said first biasing,
member 1s longer than said second biasing member.

6. The check valve of claim 4, wherein said first and
second biasing members are disposed about at least a portion
ol said restricting member.

7. The check valve of claim 6, wherein said first and
second biasing members are disposed concentrically about
at least one of: (1) a portion of said restricting member and
(11) one another.

8. The check valve of claim 1, wherein said restricting
member 1s a piston having a head and a stem extending from
saild head, wherein said head contacts said at least one
angled wall of said neck 1n said frictional engagement at said
sealing point 1n said closed position.

9. The check valve of claim 8, wherein said head further
includes a groove formed therein, said groove dimensioned
to recerve and retain at least a portion of a resilient member
therein, said resilient member configured to contact said at
least one angled wall of said neck 1n said frictional engage-
ment at said sealing point in said closed position.

10. The check valve of claim 8, wherein said at least one
biasing member 1s movably retained within said channel
along said stem.

11. The check valve of claim 10, further comprising a first
biasing member and a second biasing member each disposed
concentrically about said stem.

12. The check valve of claim 1, further comprising at least
one fluid opening formed 1n said valve downstream of said
sealing point, said at least one fluid opening being m fluid
communication with said channel.

13. A check valve assembly comprising:

a valve as recited 1n claim 1;

a cam having a cam lobe and cam wvalley, said cam

rotatingly connected to said valve;
an arm including a float configured to float on said fluid,
said arm extending from said cam along an arm axis
and configured to rotate said cam relative to said valve
as said float rises and falls with a level of said fluid;

wherein at least a portion of said restricting member 1s
configured to:
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(1) contact said cam lobe when said valve 1s 1n said open
position;

(11) move along said cam lobe as said cam rotates; and

(111) reside 1n said cam valley when said valve 1s 1n said
closed position; and

said closed position further being defined by said arm axis

forming a predetermined angle relative to the horizon-
tal.

14. The check valve assembly of claim 13, further com-
prising a receiver formed in one end of said valve, said
receiver configured to receive and rotatably retain said cam.

15. The check valve assembly of claim 14, further com-
prising an attachment member extending through said
receiver and said cam, said attachment member forming a
pivot point for rotation of said cam.

16. The check valve assembly of claim 13, wherein said
cam valley 1s defined by a valley floor and at least one cam
wall forming a side of said cam lobe, wherein said restricting,
member 15 spaced apart from said valley floor 1n said closed
position.

17. The check valve assembly of claim 13, wherein said
preselected angle 1s 1n the range of 40° to 0°.

18. The check valve assembly of claim 17, wherein said
preselected angle 1s about 19° to 20°.

19. A flmid storage container comprising;:

an access port 1n selective fluid communication with a

fluid source;

an interior space configured to retain flud;

a check valve assembly as recited 1 claim 14 1n selective

fluid communication with said access port;

said arm of said check valve assembly extending into said

interior space of said fluid storage container,

said float configured to rise and fall with said level of said

fluid 1 said fluid storage container; and

whereimn said closed position 1s further defined by said

fluid reaching a predetermined fill level.

20. The fluid storage container of claim 19, wherein said
predetermined maximum fill level 1s 1n the range of 75% to
90% of total capacity of said fluid storage container.

21. The fluid storage container of claim 20, wherein said
predetermined maximum fill level 1s about 835% of total
capacity of said fluid storage container.
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